Background Soluble epoxide hydrolase (sEH) metabolizes anti-inflammatory epoxyeicosatrienoic acids (EETs) into their much less active dihydroxy derivatives dihydroxyeicosatrienoic acids. Thus, targeting sEH would be important for inflammation. Aims To determine whether knockout or inhibition of sEH would attenuate the development of inflammatory bowel disease (IBD) in a mouse model of IBD in IL-10(-/-) mice. Methods Either the small molecule sEH inhibitor trans/-4-[4-(3-adamantan-1-yl-ureido)-cyclohexyloxy]-benzoic acid (t-AUCB) or sEH knockout mice were used in combination with IL-10(-/-) mice. t-AUCB was administered to mice in drinking fluid. Extensive histopathologic, immunochemical, and biochemical analyses were performed to evaluate effect of sEH inhibition or deficiency on chronic active inflammation and related mechanism in the bowel.
Introduction
Soluble epoxide hydrolase (sEH) is a pro-inflammatory enzyme involving in metabolism of the epoxygenated products of arachidonic acid, including epoxyeicosatetraenoic acid (EETs) [1] . Physiologic concentrations of EETs inhibit inflammation by decreasing cytokine-induced endothelial cell adhesion molecule expression and inhibiting NF-jB and Ijj kinase [2] . Pharmacological inhibition of sEH such as trans/-4-[4-(3-adamantan-1-yl-ureido)-cyclohexyloxy]-benzoic acid (t-AUCB) has shown to increase plasma EET concentrations and has demonstrated a potent anti-inflammatory activity [1, [3] [4] [5] [6] [7] [8] [9] [10] [11] , in the models including LPS-induced systematic inflammation in mice, tobacco-induced bronchitis, cardiac hypertrophy, and renal inflammation [6, 12] . Thus, it is attractive to speculate that inhibition of sEH may be beneficial as a novel therapeutic option in reducing inflammatory processes in chronic active inflammatory bowel disease (IBD).
IBD, including ulcerative colitis (UC) and Crohn's disease (CD), is a longstanding chronic inflammation in the bowel with unknown etiology [13] . The prevalence of these chronic inflammatory diseases has shown an upward trend and the incidence per year ranges from 5 to 18 cases per 100,000 [14, 15] . Current strategies for the treatment of IBD are aimed at reducing activity of inflammation, and commonly used medications are 5-aminosalicylate (5-ASA). However, these compounds are only clinically useful for mild to moderate active IBD and are more useful in UC than in Crohn's disease [16] . Thus, it is crucial to develop a more efficient anti-inflammatory agent to combat inflammation.
There have been multiple animal models of IBD. The genetically-engineered and chemically-induced mouse models, used in combination with pharmacological agents, and active anti-inflammatory food components, have proven to be especially useful in the study of the mechanisms, prevention, and treatment of IBD. Herein, there are two particular genes of interest when using genetically-engineered mouse models as a direct experimental approach: IL-10 and sEH. IL-10 is an important regulatory antiinflammatory cytokine and has been associated with the development of IBD when it is defective [17] . In IL-10 knock-out mouse models, 100 % of the mice will develop inflammation in the duodenum, proximal jejunum, and proximal colon; but occurrence of IBD greatly varies from 3 to 12 months which can be overcome through the shortperiod administration of piroxicam to synchronize the development of IBD [18] . Histopathology shows active ulcer formation and transmural inflammation that highly mimics Crohn's disease in IL-10 knock-out mice. Conversely, sEH knock-out mice are phenotypically normal with only minimally decreased body weight in males, but have an altered arachidonic acid metabolism [19] . Previous studies have shown that sEH knockout in mice (disruption of Epx2 gene which encodes sEH) results in a significant shift of the epoxy-fatty acid to diol ratio, further led to protect against myocardial ischemia-reperfusion injury, modulate the inflammatory response to cerebral ischemia, and improve glucose homeostasis [20] [21] [22] .
In the present study, we determined whether the inhibition or knock-out of sEH affected the development and progression of IBD in IL-10(-/-) mice. The development of chronic active IBD was histopathologically and immunochemically analyzed in sEH and IL-10 double knockout mice [sEH(-/-)/IL-10(-/-)] and IL-10(-/-) mice treated with sEH inhibitor t-AUCB as compared to IL-10 (-/-), sEH (-/-), and wild-type mice. The effect of sEH gene deficiency or inhibition on the modulation of inflammatory cytokines/chemokines and NF-jB signals as well VCAM-1 was measured using qPCR and Western blot approaches. The modulation of the eicosanoid metabolic profile was analyzed using a liquid chromatography/mass spectrometry (LC/MS-MS) method.
Methods and Materials
Animal Care, Breeding, and Genotyping
All animal experiments were approved by the Institutional Animal Care and Use Committee at Northwestern University. IL-10(-/-) mice in the C57BL/6J background were purchased from Jackson Laboratory. sEH(-/-) mice were originally described by Sinal et al. [19] and were extensively back bred into a C57BL/6 J background at the University of California, Davis, and were provided for this study.
In order to achieve double knockout sEH and IL-10 animals, Cross-breeding was performed with male IL-10(-/-) mice and female sEH(-/-) mice to generate IL-10(±)/sEH(±) double heterozygous litters. The IL-10(±)/sEH(±) littermates were further crossed to produce IL-10(-/-)/sEH(-/-) homozygous mice. All mice were housed in microisolator cages in the animal facilities at the Center for Comparative Medicine at Northwestern University in Chicago, IL. Genotyping of sEH was performed following the literature method [19, 22] . IL-10 genotyping was completed according to the Jackson Laboratory protocol.
Animal Experiments
The occurrence of spontaneous chronic active bowel inflammation varies greatly in mouse models of IBD in IL-10(-/-) mice [18] . In order to synchronize the development of chronic active bowel inflammation, five-weekold gender-matched IL-10(-/-), sEH(-/-)/IL-10(-/-), sEH(-/-), and wild-type mice were fed an AIN93 M diet containing 200 ppm of piroxicam (Sigma-Aldrich, St. Louis, MO) for one week [18] . After the one-week treatment with piroxicam, mice were then fed a purified AIN93M diet and tap water until the end of the experiment. Animals were sacrificed at either 10 days, 4 or 12 weeks after the induction/synchronization with piroxicam.
The second animal experiment was designed to determine the effects of the sEH inhibitor t-AUCB on inhibiting IBD activity in IL-10(-/-) mice. IL-10(-/-) mice (fiveweeks old, both genders) were pre-treated with piroxicam for one week to synchronize the development of IBD as described above [18] . The t-AUCB was synthesized in Dr. Hammock's Laboratory, and was administered to the mice (n = 9) via the drinking water four weeks after piroxicam induction. The animals were given 8 mgÁL -1 t-AUCB containing 2.5 % polyethylene glycol 400 in drinking fluid for 4 weeks starting at the age of 9-weeks, and the experiment continued until week 13. The average animal body weight was 22-25 g, and the average fluid consumption per day was between 3-3.5 ml; therefore, the dose intake for t-AUCB was approximately 1 mg/kg. 2.5 % PEG 400 solution was given to the control mice (n = 12). All animals were sacrificed at week 13 after a four-week treatment course using t-AUCB.
Tissue Preparation and Histopathological Evaluation
Mice were euthanized by CO 2 asphyxiation. Colons, small intestines, and stomach were collected, opened longitudinally, and examined grossly. The entire opened gastrointestinal tract was fixed in 10 % buffered formalin, processed, and embedded in paraffin. Serial tissue sections (5 lm) were cut and mounted on glass slides for hematoxylin-eosin and immunohistochemical stains. Chronic active bowel inflammation was extensively analyzed histopathologically in serial H&E stained tissue sections. The degree of inflammation in the gastrointestinal tract was semi-quantitatively graded based on intensity of lymphocytes and plasma cells, regenerative/hyperplastic epithelial change, and ulcer formation following our established criteria [23] .
Briefly, the intensity of lymphocyte and plasma cell infiltration in the lamina propria was graded as 0: less than 10 % lymphocytes and plasma cells, 1: 10-30 %, 2: 30-60 %, and 3: more than 60 %. Focal polypoid epithelial hyperplasia was graded as 0: no hyperplasia, 1: less than 20 % increased thickness of mucosa with mild elongated crypts (ratio of crypt length to mucosa thickness less that 30 %), 2: 20-50 % increased thickness of mucosa with moderately elongated crypts (ratio of crypt length to mucosa thickness 30-60 %), and 3: more than 50 % increased thickness of mucosa with markedly elongated crypts (ratio of crypt length to mucosa thickness [60 %). Ulceration was classified as the active ulcer which defined as mucosal ulcerative defect with adjacent epithelial hyperplastic reaction and the healed ulcer which defined as ulcerative defect mucosa was healed by polypoid epithelial hyperplasia/regeneration.
Immunohistochemistry
Immunohistochemical analysis was performed with antibodies against PCNA and myeloperoxidase in paraffin-embedded intestinal sections as previously described and details in the supplement [23] [24] [25] . The primary antibodies against PCNA (Mouse mAb, 2.5 lg/ml, Calbiochem, EMD Chemicals, Gibbstown, NJ) or antimyeloperoxidase antibody (Rabbit pAb, 10 lg/ml, Abcam, Cambridge, MA) were applied to the tissue slides overnight at 4°C. Anti-mouse or anti-rabbit IgG secondary antibodies (7.5 lg/ml) conjugated with ABC complexes (Avidin-Biotin-Complex, Vector Laboratories, Inc. Burlingame, CA) were incubated for 45 min at room temperature. Diaminobenzadine (Sigma-Aldrich, St. Louis, MO) was used as the chromogen. Slides were counterstained with Mayer's hematoxylin for 30 s. Positively staining cells were scored (at least five randomly selected fields and [ 500 cells counted) and reported as mean ± SD.
Biochemical Analysis of Plasma Eicosanoid Profile and t-AUCB Using a Liquid Chromatography/Tandem Mass Spectrometry (LC/MS-MS) Method
Serum specimens were spiked with 10 ll of 50 nM internal standard I and were extracted by solid phase extraction using Oasis HLB cartridges. LC/MS-MS analysis of eicosanoid profile and t-AUCB was performed using a modified method based on the previous publications and details in the supplement [26] .
Quantitative PCR Assay mRNA expression was determined using the two-step q-RT-PCR assay. The region of IFN-gamma, TNF-alpha, MCP-1, and VCAM-1 mRNA were amplified using the well-designed primers [27, 28] . GAPDH (Glyceraldehyde-3-phosphate dehydrogenase) was used as internal control. Data for each mRNA expression were shown as the relative fold of change normalized by that of GAPDH.
Western Blotting
The whole tissue/cell lysates of the colon mucosa samples from mice underwent SDS-polyacrylamide gel (4-12 % gradient) electrophoresis. The resolved proteins were transferred onto a polyvinylidene fluoride membrane and probed with the primary antibody including anti-phosphorylated NF-jB P65 (S276), anti-Ijj-a, and anti-mouse ß-actin mAb. The specific signals were visualized by enhanced chemiluminesence.
Statistical Analysis
Each analyzed parameter was expressed as Mean ± SD, unless otherwise stated, with at least three independent measurements. Continuous variables were compared using the Student's t-test, whereas categorical variables were compared using Chi-square test. All statistical tests were two-sided, and statistical significance was taken as p \ 0.05.
Results

Development of sEH(-/-)/IL-10(-/-) Mice and General Animal Data
To determine the role of the sEH gene on active inflammatory process in IL-10 (-/-) mice, a deficiency of the sEH gene in IL-10 (-/-) mice was developed. The double knockout sEH(-/-)/IL-10(-/-) mice did not display any gross abnormalities and showed a similar breeding ability as IL-10(-/-) mice. Body weights (measured weekly) did not reveal any significant differences between the female double knockout sEH(-/-)/IL-10(-/-) mice and IL-10(-/-) mice; however, a marked reduction of body weight was observed between the male sEH(-/-)/ IL-10(-/-) mice and IL-10(-/-) mice. At the beginning of the experiment, the average body weight of male IL-10 (-/-) animals was lower than that of male sEH(-/-)/ IL-10 (-/-) animals (20.2 ± 1.5 g vs. 22.1 ± 1.6 g). However, at 6 weeks after piroxicam induction, average body weight of male sEH(-/-)/IL-10 (-/-) animals began to stop growth, and at the time of the 7th week, it was caught up by male IL-10 (-/-) mice. At the ending point of the experiment, the body weight of male sEH(-/-)/ IL-10 (-/-) mice (23.9 ± 2.5 g) was reduced nearly 15 %, and significantly lower than that of male IL-10 (-/-) group (26.5 ± 1.3 g, p \ 0.05, as seen in Fig. 1 supple in the supplemented data). Food and water consumption did not reveal any differences in the double knockout sEH(-/-)/IL-10(-/-) mice as compared to the controls.
Effect of sEH Gene Deficiency or Inhibition on Chronic Active Inflammation in the Gastrointestinal Tract
In order to synchronize the development of IBD, the mice were fed an AIN93 M diet containing 200 ppm of piroxicam for one week [18] . Early mucosal injury in the bowel was observed 10 days after piroxicam use; sEH(-/-)/ IL-10(-/-) mice, sEH(-/-) mice, and wild-type control animals all exhibited mild mucosal ulcer formation in the cecum and proximal small bowl. sEH(-/-)/IL-10(-/-) and sEH(-/-) mice showed much milder ulcerations as compared to the IL-10(-/-) mice. While the sEH(-/-) and wild-type control mice showed a full recovery from the erosion and ulceration 4 weeks after piroxicam use, the sEH(-/-)/IL-10(-/-) and IL-10(-/-) mice continued to display chronic active IBD (n = 3 mice each strain each gender mice). Thus, the IBD process was synchronically induced in the sEH(-/-)/IL-10(-/-) and IL-10(-/-) mice at four weeks post-piroxicam treatment.
Extensive histopathological analysis for chronic active inflammation in the bowel was performed at 12 weeks post-piroxicam induction. No inflammation was identified in the control sEH(-/-) or wild-type mice. In the IL-10(-/-) mice, active IBD was observed and presented as focal active ulceration (ulcerative defect in the mucosa with adjacent epithelial hyperplastic reaction), as seen in Fig. 1a , and transmural inflammation (inflammatory cells infiltrating into the muscularis propria and subserosa), as seen Fig. 1d . As seen in histogram Fig. 1g , h, 73 % (8/11) IL-10(-/-) mice exhibited active ulcer, and 90.0 % (10/11) displayed focal transmural inflammation. Double knockout sEH(-/-)/IL-10(-/-) mice only displayed focal mild chronic active inflammation and healed ulcer with polypoid epithelial hyperplasia in the bowel (Fig. 1b, e) . Although 71 % (10/14) mice had overall ulcer formation (including healed and active ulcers), most of the ulcers were the healed ulcers which was defined as ulcerative defect mucosa was healed by polypoid epithelial hyperplasia/regeneration (Fig. 1b) . Significant reduction of active ulcer formation and transmural inflammation were observed in sEH(-/-)/IL-10(-/-) mice; and as seen in Neutrophil infiltration into the lamina propria, intestinal epithelium (cryptitis), and luminal surface (crypt abscess) are crucial morphologic parameters for inflammatory activity in IBD. Immunohistochemical analysis of neutrophil infiltration was performed with antibodies against myeloperoxidase (MPO) [29] . MPO-positive cells were rarely observed in morphologically normal mucosa, but frequently seen in active inflammatory areas (Fig. 2a) . Intense MPO-positive cells were seen in the inflamed intestinal mucosa in IL-10(-/-) mice (Fig. 2a) , and a markedly decreased intensity of MPO-positive cells was found in sEH(-/-)/IL-10(-/-) mice (Fig. 2b) and IL-10(-/-) mice treated with t-AUCB (Fig. 2c) . The density of MPO-positive cell was determined and expressed as mean numbers of positive cells per high power field (409) in the inflamed areas. The results showed that the MPO-positive cells in the inflamed areas was significantly lower in sEH(-/-)/IL-10(-/-) mice (Fig. 2d) and IL-10(-/-) mice treated with t-AUCB (Fig. 2e) as compared to IL-10(-/-) mice (p \ 0.01).
The overall intensity of inflammatory cell infiltrates (prominent lymphocytes and plasma cells) or called lymphoplasmacytosis in the lamina propria in the bowel was further semi-quantitatively analyzed. As seen in the histogram Fig. 2f , g, the density of inflammatory cell infiltration was significantly decreased in the bowel in sEH(-/-)/ IL-10(-/-) mice and IL-10(-/-) mice treated with t-AUCB as compared to IL-10(-/-) mice (p \ 0.05).
sEH Deficiency or Inhibition Did Not Affect Cell Proliferation for the Healing/Regeneration Process Whether sEH gene deficiency or inhibition affect epithelial regeneration and healing process in the active inflammation was further analyzed for PCNA-labeled cell proliferation and epithelial regenerative hyperplasia. As seen in Fig. 3a-d , PCNA-labeled cell proliferation in morphologically normal mucosa in the colon in all of four genotype mice (wild-type, sEH(-/-), IL-10(-/-), and sEH(-/-)/ IL-10(-/-) mice) was similar and showed PCNA-labeled proliferative cells located in the crypt only. PCNA-labeled cell proliferation markedly increased in focal polypoid hyperplastic/regenerative epithelia adjacent to ulcers in IL-10(-/-) mice (Fig. 3e ) and in sEH(-/-)/IL-10(-/-) mice (Fig. 3f ) as compared to normal mucosa. The proliferation index was determined by counting (%) of the PCNA-positive cells within areas of focal polypoid hyperplasia in the intestine. PCNA-labeled proliferation Focal polypoid epithelial hyperplasia/regeneration was further semi-quantitatively analyzed and showed that there was no difference in focal polypoid epithelial hyperplasia/ regeneration in the sEH(-/-)/IL-10(-/-) mice (2.93 ± 1.07) compared to IL-10(-/-) mice (3.27 ± 1.01, p = 0.4). Same trend was observed in IL-10(-/-) mice treated with t-AUCB (1.44 ± 0.53) as compared to IL-10(-/-) mice (2.08 ± 0.52, p = 0.12).
sEH Deficiency or Inhibition Suppresses Inflammatory Cytokines, Chemokines, and NF-kB Signaling Freshly collected colonic mucosa (n = 11/group, both genders) were analyzed for the fold change of mRNA expression of inflammatory cytokines, chemokines, and VCAM-1 using a quantitative real-time PCR assay. As shown in Fig. 4a , b, compared to wild type mice and sEH(-/-) mice, a significant increase of IFN-c, TNF-a, and MCP-1 and VCAM-1 mRNA expressions were observed in the colonic mucosa of IL-10(-/-) mice (p \ 0.01). Compared to IL-10 (-/-) IBD mice, sEH(-/-)/IL-10(-/-) mice exhibited a statistically significant decrease of IFN-c, TNF-a, MCP-1, and VCAM-1 mRNA expression was observed as compared to IL-10(-/-) mice (p \ 0.05). In Using a western blot approach with whole tissue lysates and a b-actin as the internal protein control, the expression intensity of phosphorylated NF-kB p65 (S276) and Ikk-a proteins as well VCAM1 in the colonic mucosa showed a marked decrease (Fig. 4c) . The expression intensity of these signals was determined and displayed a statistically significant decrease in sEH(-/-)/IL-10(-/-) mice as compared to IL-10(-/-) mice (Fig. 4d-f) . Obviously, colitis mucosa in IL-10(-/-) mice exhibited a significantly increase of these signals as compared to wild type mice and sEH(-/-) mice (Fig. 4c-f) .
Effects of sEH Deficiency or Inhibition on Modulating Eicosanoid Profile and t-AUCB Plasma Levels Analyzed by A LC/MS-MS Assay
Simply, the ratios of epoxide eicosanoids to their corresponding diols (EpOMEs to DiHOMEs) and EETs to DHETs are the most commonly used biomarkers for determining sEH inhibition or gene deficiency; and these ratios are efficiently analyzed by a LC/MS-MS assay [10] . As seen in the left two panels of Fig. 5a , compared to IL-10(-/-) mice, sEH(-/-)/IL-10(-/-) mice exhibited a highly significant increase of ratios of EpOMEs to (13)-EpOME], the diol products [9(11)-DiHOME and 12(13)-DiHOME, 5(6)-DHET, 8(9)-DHET, and 11(12)-DHET]. As seen in the right panel of Fig. 5b , similar patterns of the changes of these ratios were observed in IL-10(-/-) mice treated with t-AUCB as compared to IL-10(-/-) mice, and showed a significant increased ratio of EETs to DHETs (p \ 0.05), as well as increased level of 14 (15) EET (p \ 0.05). In the left panel of Fig. 5a , a similar pattern of changes of these ratios was also observed in sEH(-/-) mice as compared to wild type mice.
To investigate whether the sEH gene deficiency or inhibition modulates other pathways of arachidonic acid metabolism, particularly in the cyclooxygenase (COX2) and 5-lipoxygenase (5-LOX)-mediated pathways, the key metabolites involved in these pathways were analyzed. As shown in Fig. 6a , the levels of LTB 4 (Leukotriene B4) and 5-HETE (hydroxyeicosatetraenoic acid) as the products of 5-LOX pathway and PGE2 (prostaglandin E2, COX-2 mediated product) were markedly decreased in sEH(-/-)/ IL-10(-/-) mice as compared to IL-10 (-/-) mice, but not reached statistically significant (p [ 0.05). Similarly, the levels of PGE 2 , LTB4 and 5-HETE showed slightly difference in sEH(-/-) mice as compared to wild type mice, but no statistical difference (Fig. 6a) . In Fig. 6b , IL-10(-/-) mice treated with t-AUCB also exhibited the slightly decreased levels of PGE2, LTB4, and 5-HETE, but not reached statistical significance as compared to IL-10 (-/-) mice.
Plasma level of t-AUCB was also analyzed using a LC/ MS-MS assay and showed average level of t-AUCB was 2.63 ± 2.34 nM and ranged from 0.43 nM to 7.76nM.
Discussion
The human sEH is encoded by the EPHX-2 gene. The EPHX-2 gene-encoded product has an N-terminal domain that contains lipid phosphatase activity [30, 31] and a carboxy-terminal domain with epoxide hydrolase activity. The bifunctional nature of the EPHX-2 encoded protein allows for inhibition of one domain with no effect on the enzymatic activity of the other domain. The role of the c-terminal epoxide hydrolase in inflammation has been preliminarily assessed in rodent models [2] . sEH hydrolyzes EETs to their much less biologically active DHETs, dramatically reducing anti-inflammatory activity of EETs [1] . Isoprenoid pyro-and monophosphates are substrates for the N-terminal phosphatase domain [31, 32] and these lipid phosphates are the metabolic precursors of cholesterol biosynthesis, and most importantly they are used for isoprenylation, a protein post-translational lipid modification process that is involved in the process of inflammation [33] [34] [35] . In the present study, using an advanced approach of the IBD model in IL-10(-/-) mice combined with sEH/ EPHX-2 gene deficiency or sEH inhibition, we demonstrated that sEH gene deficiency or inhibition significantly ameliorated chronic active inflammation in the bowel, particularly reduced active ulcer formation, trnasmural inflammation, and inflammatory cell infiltration. The neutrophil crytitis and crypt abscesses are key pathogenic events in the disease activity in IBD. The intense infiltration of leukocytes along with the overproduction of reactive oxygen and nitric oxide free radicals, inflammatory cytokines/chemokines, and arachidonic acid metabolites are the key contributory factors to inflammatory activity and inflammatory injury in the bowel. It has been demonstrated that physiologic concentrations of EETs decrease the expression of endothelial cell adhesion molecules such as VCAM-1 (induced by TNF-a via NF-jB) Fig. 5 Analysis of plasma levels of epoxygenase-dependent metabolites using a LC/MS/MS assay: The difference of the ratios of total EpOME to DiHOME and EETs to DHETs, and the concentration (nM, Mean ± SD) of EpOMEs (including 9(10)-and 12(13)-EpOME), DiHOMEs (including 9(11)-DHOME and 12(13)-DHOME), 14 (15) and thus prevent subsequent leukocyte adhesion to the vascular wall and reduce inflammatory cell infiltration into the inflamed tissues [2] . sEH, as a pro-inflammatory enzyme, converts EETs to DHETs that inactivate antiinflammatory function of EETs. In this study, we demonstrated a significant reduction in the intensity of MPOlabeled neutrophils and lymphoplasmacytosis in IBD in sEH(-/-)/IL-10(-/-) mice, as well as in IL-10(-/-) mice treated with the sEH inhibitor t-AUCB. These results indicate that the inhibition of inflammatory activity, particularly neutrophil infiltration, is a major anti-inflammatory event by sEH inhibition.
The infiltration of inflammatory cells is mediated in part via pro-inflammatory cytokines and chemokines. TNF-a, a central inflammatory cytokine, involves in both systemic inflammation and the stimulation of the acute phase reaction. TNF-a promotes the inflammatory response and causes many of the clinical problems associated with idiopathic inflammatory disorders such as IBD. TNF-a together with other cytokines and chemokines including interferon-c (IFN-c) and monocyte chemotactic protein-1 (MCP-1) plays crucial role in stimulating a proinflammatory cytokine produced by Th1 cells [36] , inducing the expression of integrins and VCAM-1 required for chemotaxis, and acting as a potent attractant for inflammatory cells (monocytes and lymphocytes) [37] . Particularly, VCAM-1 induced by TNF-a via NF-jB is important for leukocyte adhesion to the vascular wall and infiltrating into inflamed tissues [2] . Our results revealed that the levels of TNF-a, IFN-c, and MCP-1 as well as VCAM-1 in the inflamed colonic tissues were significantly decreased in sEH(-/-)/IL-10(-/-) mice and in IL-10(-/-) mice treated with t-AUCB. Furthermore, Ikk-a and phosphorylated NF-jB were significantly down-regulated in sEH(-/-)/IL-10(-/-) mice. These findings suggest that the suppression of these inflammatory cytokines and chemokines as well as NF-jB signaling by sEH gene deficiency or inhibition are key mechanism in suppressing inflammatory activity in IBD.
One of the pivotal molecules in inflammation is arachidonic acid, which simplistically has three potential metabolic fates, including cyclooxygenase (COX), lipoxygenase (LOX), and cytochrome P450 epoxygenases mediated metabolic pathways to generate biologically active mediators involved in the inflammatory cascade. A LC/MS-MS method is highly efficient approach to analyze endogenous lipid mediators [38] and facilitates the quantitative analysis of over 120 eicosanoid metabolites using an ABI linear trap instrument in MRM mode [39, 40] . This ''omic'' approach provides much more insight than can be obtained from monitoring a single analyte such as EET or DHET and provide an opportunity on understanding the interactions among three arachidonic acid metabolic pathways via targeting the key enzyme/s. Similar to the previous studies using sEH inhibitors [10] , a simple biomarker for monitoring the effect of sEH inhibition is the ratio of lipid epoxides to diols. As expected, sEH gene deficiency or sEH inhibition resulted in a significant increase in the ratios of EETs/DHETs and EpOMEs/ DiHOMEs, confirming the known function of sEH in metabolizing epoxide products, particularly converting 14 (15) EET to 14(15) DHET. Analysis of the eicosanoid profile further revealed that sEH gene deficiency displayed a marked reduction of the LTB4 and 5-HETE metabolites when compared to IL-10(-/-) mice. These results simply imply that sEH gene deficiency shifts the eicosanoid profile from propagation of inflammation to its resolution in which LTB 4 and HETEs stimulate inflammatory cell activities and PGE 2 participates in regeneration and ulcer healing. But, t-AUCB, sEH inhibitor, appears not as strong as sEH gene deficiency in modulation of these metabolic pathways.
The clinical use of nonsteroidal anti-inflammatory drugs (NSAIDs) exacerbates inflammatory bowel disease (IBD) [41] . NSAIDs and COX-2-specific inhibitors (e.g., celecoxib) have been shown to be harmful in animal models of IBD as well [42, 43] . These findings may be explained by the idea that 1) COX2 and PGE 2 inhibition leads to inhibition of cell proliferation and a delay in ulcer healing and 2) leads to shunting of arachidonic acid substrates to other pathways, particularly to the 5-LOX pathway [44] [45] [46] [47] . Here, sEH gene deficiency or inhibition results in slightly decreased level of LTB 4 and 5-HETE and no significant change on PGE2, indicating that direct targeting of sEH would be different from NSAIDs and may even overcome the toxicity of NSAIDs to IBD. In particular, shifting the eicosanoid profile from propagation of inflammation (LTB4 and HETEs) to EETs and the PGE2-led regenerative healing process could prove beneficial for the treatment of IBD.
The results of the eicosanoid profiling also correlate well with the morphological inflammatory activities in the bowels. LTB 4 and 5-HETE are well known pro-inflammatory mediators that are able to induce inflammatory cell infiltration by inducing adhesion and activation of leukocytes on the endothelium, allowing them to bind to and cross it into the inflamed tissue [48] . Down-regulation of the levels of LTB 4 and 5-HETE is also a partial mechanism of reduction of MPO-labeled inflammatory cell infiltration in sEH(-/-)/IL-10(-/-) mice in addition to lowering inflammatory cytokines and chemokines. Whether or not the modulation of the eicosanoid profile by sEH gene deficiency or inhibition is involved in regulation of inflammatory cytokines need to be investigated further.
t-AUCB is a potent sEH inhibitor with IC 50 of sEH inhibition 1.5 ± 0.2 nM. LC/MS-MS based analytical procedures allow to detect picomolar concentrations of the sEH inhibitors including t-AUCB from *5 ll of blood, and to perform the rapid ADME studies. Herein, we have demonstrated that administration of 8 mg/liter t-AUCB to mice in drinking fluid reached to 2.63 ± 2.34 nM plasma levels which was within the range of IC 50 sEH inhibition and showed the inhibitory effect on inflammation in the bowel. Thus, t-AUCB will be highly potential for treating IBD in human in future.
To conclude, the sEH gene deficiency or inhibition results in a significant reduction in inflammatory cell infiltration and active ulcer formation in IBD in IL-10(-/-) mice, as well as decreased inflammatory cytokine expression and shifting of the eicosanoid profile from propagation of inflammation to its resolution. These findings indicate that sEH involves in the process of inflammation in IBD and thus is a potential target for the treatment of IBD.
